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(54) QUENCHED THIN BAND FOR BOND MAGNET, PARTICLES FOR BOND MAGNET, BOND 
MAGNET AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide a manufacturing method of quenched thin band, particles for a bond 
magnet and a bond magnet in excellent magnetic characteristics. 

CONSTITUTION: The mean crystalline particle diameter of the quenched thin band for a bond 
magnet produced by quenching a molten metal containing specific amount of alloy component is 
at least 1|im in composition formula of RxFe100-x-y-vByGev, provided R mainly comprising 
rare earth element such as Nd to be partly substituted with at least one out of Dy or Pr 
satisfying the following inequalities of 9<x<15m 4<y<10m 0.1<v<3. By the addition of Ge, the 
magnetic characteristics of the quenched thin band especially the maximum energy product can 
be improved compared with that whereto Ge is not added. Besides, Ge can be partly substituted 
with exceeding one or two kinds of alloy component M selected out of Zr, Al, Si, Ti, V, Ga, Nb, 
Mo, Hf, Ta, and W. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The diameter of average crystal grain which quenches the molten metal 
containing the alloy content of the specified quantity, and is obtained is 1 micrometer or 
less. As for RxFelOOx-y-vByGev:, however R, the empirical formula uses Nd as a 
principal component. The part is the rare earth component which may be permuted by 
either [ at least ] Dy or Pr, and they are 9<=x<=15, 4<=y<=10, 0.1<=v<=3, and the 
quenching thin band for bond magnets that comes out and is characterized by a certain 
thing. 

[Claim 2] The diameter of average crystal grain which quenches the molten metal 
containing the alloy content of the specified quantity, and is obtained is 1 micrometer or 
less. RxFelOO-x y vBy(GewMl-w) v: The empirical formula corrects. It is the raixe earth 
component by which R uses Nd as a principal component, and the part may be 
permuted by either [ at least ] Dy or Pr. And M It is one sort chosen from from among Zr, 
aluminum, Si, Ti, V, Ga, Nb, Mo, Hf, Ta, and W, or two sorts or more, and they are 
9<=x<=15, 4<=y<=10, 0.05<=w<l, 0.1<=v<=3, and the quenching thin band for bond 
magnets that comes out and is characterized by a certain thing. 

[Claim 3] The diameter of average crystal grain which quenches the molten metal 
containing the alloy content of the specified quantity, and is obtained is 1 micrometer or 
less. RxFelOO-x-y-vCozByGev- The empirical formula corrects. R is the rare earth 
component by which Nd is used as a principal component and the part may be permuted 
by either [ at least ] Dy or Pr, and is 9<=x<=15, 4<=y<=10, 0< z<=30, 0.1<=v<=3, and a 
quenching thin band for bond magnets that comes out and is characterized by a certain 
thing. 

[Claim 4] The diameter of average crystal grain which quenches the molten metal 
containing the alloy content of the specified quantity, and is obtained is 1 micrometer or 
less. RxFelOOxy zvCozBy(GewMl*w) v: The empirical formula corrects. It is the rare 



earth component by which R uses Nd as a principal component, and the part may be 
permuted by either [ at least ] Dy or Pr. And M one sort chosen from from among Zr, 
aluminum, Si, Ti, V, Ga, Nib, Mo, Hf, Ta, and W, or two sorts or more - it is - 9<=x<=15, 
4<=y<=10, 0< z<=30, 0.05<=w<l, 0.1<=v<=3, and the quenching thin band for bond 
magnets that comes out and is characterized by a certain tiling. 

[Claim 5] Powder for bond magnets which grinds the quenching thin band for bond 
magnets according to claim 1 to 4, is obtained, and is characterized by the mean particle 
diameter being 500 micrometers or less. 

[Claim 6] The bond magnet characterized by carrying out resin bond of the powder for 
bond magnets according to claim 5. 

[Claim 7] The manufacture approach of the quenching thin band for bond magnets 
which is the manufacture approach of the quenching thin band for bond magnets 
according to claim 1 to 4, and is characterized by including the process which dissolves 
the alloy content after blending the alloy content of the specified quantity, and the 
process which carries out the rapid solidification of the dissolved molten metal to the 
shape of thin band-like one thru/or a flake. 

[Claim 8] The manufacture approach of the powder for bond magnets characterized by 
grinding the quenching thin band for bond magnets obtained by the approach according 
to claim 7 so that the mean particle diameter may be set to 500 micrometers or less. 
[Claim 9] For said grinding front stirrup, said quenching thin band is the manufacture 
approach of the powder for bond magnets according to claim 8 of heat-treating in a 
400- 1000-degree C temperature requirement after grinding. 

[Claim 10] The manufacture approach of the bond magnet characterized for the powder 
for bond magnets obtained by the approach according to claim 8 or 9 by pressing or 
carrying out injection molding after mixing with a resinous principle. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the quenching thin band for bond 
magnets which uses Nd, Fe, and B as a principal component, the powder for bond 
magnets, bond magnets, and those manufacture approaches. 
[0002] 

[Description of the Prior Art] Since a Nd-Fe-B system magnet ingredient has the 
magnetic properties which conflicted, divided and were excellent in the high 
performance rare earth magnet ingredient, it is widely used for the motor for various 
electrical machinery and apparatus or automobiles, or the voice coil motor for 
computers. This Nd-Fe-B system magnet ingredient is divided roughly into three kinds, 
a sintered magnet, a hot-working magnet, and a bond magnet (resin bond magnet), by 
that process. Among these, a bond magnet grinds the quenching thin band which 
carries out the alloy content of the specified quantity by combination / dissolution back, 
it makes carry out the rapid sohdification of the molten metal by the single rolling 
method etc., and is obtained, makes raw material magnet powder, fabricates the powder 
with resin binders, such as an epoxy resin or Nylon, and uses it as the magnet of a 
desired configuration. The above-mentioned magnet powder has the fine crystal grain 
organization where the Nd2Fel4B mold tetragonal intermetallic-compound phase 
(henceforth a 2-14-plane l) which are main hard magnetism phases became below the 
diameter of a single domain particle, and shows high coercive force in the state of 
powder. Unlike a sintered magnet and a cold workable magnet, processing after shaping 
has almost high dimensional accuracy at needlessness, and such a bond magnet is 
excellent in a configuration degree of freedom, and moreover, since productivity is high, 
it is especially used for the ring magnet for small motors etc. in large quantities. 
[0003] 



[Problem(s) to be Solved by the Invention] While excelling in the configuration degree of 
freedom, the easy magnetization direction (the direction of a c-axis of ******) of each 
crystal grain of a 214-plane 1 be the so-called isotropic magnet arranged at random 
within the powder particle, for example, the above-mentioned Nd-Fe-B system bond 
magnet had a fault with a low maximum energy product compared with the sintered 
magnet in which anisotropy-izing be possible by the orientation in a field of a magnet 
fine-particles particle, and lOMGOe extent be a limitation with 6MGOe(s) and a 
compression-molding magnet in the injection-molding magnet in mass-production level. 
[0004] By devising the alloy content which permutes Fe component of the quenching 
thin band for Nd-Fe-B system bond magnets, the technical problem of this invention 
offers the quenching thin band for bond magnets which was excellent in magnetic 
properties, especially a maximum energy product, and its manufacture approach, and is 
to offer [ the powder for bond magnets using the quenching thin band and a bond 
magnet, and ] those manufacture approaches further. 
[0005] 

[Means for Solving the Problem and its Function and Effect] In order to solve the 
above-mentioned problem, the quenching thin band for bond magnets of this invention 
The diameter of average crystal grain which quenches the molten metal containing the 
alloy content of the specified quantity, and is obtained is 1 micrometer or less, the rare 
earth component by which, as for RxFelOO x y vByGev-, however R, the empirical 
formula uses Nd as a principal component, and the part may be permuted by either [ at 
least ] Dy or Pr - it is - 9<=x<=15, 4<=y<=10, and 0.1<=v<=3 - it comes out and is 
characterized by a certain thing. 

[0006] By quenching from a molten metal, since the organization where the large 
R2Fel4B mold tetragonal intermetallic-compound phase (henceforth a 2-14-plane l) 
became a fine crystal grain with a mean particle diameter of 1 micrometer or less is 
produced and high coercive force and a high residual magnetic flux density are shown in 
the condition immediately after quenching, each of saturation magnetic flux density 
and uniaxial-crystal magnetic anisotropics can use the above-mentioned quenching thin 
band as a raw material for bond magnets of high performance as it is, if this is ground to 
the powder of predetermined particle diameter. In addition, if the above-mentioned 
mean particle diameter exceeds 1 micrometer, since the coercive force of a thin band 
thru/or the square shape nature of a demagnetization curve will be spoiled and 
sufficient magnet engine performance will no longer be obtained, the mean particle 
diameter is made into the thing of the above-mentioned range, and is desirably set to 
0.1 micrometers or less still more desirably 0.5 micrometers or less. 



[0007] The description of the quenching thin band of this invention is to add germanium 
within the limits of 0.1 - 3 atom % in the form where a part of Fe is permuted (namely, 
setting to said empirical formula 0.1<=v<=3), and this invention persons find out a good 
thing by addition of Above germanium compared with that to which the magnetic 
properties of a quenching thin band, especially a maximum energy product do not add 
germanium. The reason the addition of germanium is made into an above-mentioned 
thing is as follows. First, the effectiveness of the maximum energy product 
improvement by an addition being under 0.1 atom % is no longer acquired fully. On the 
other hand, if an addition exceeds 3 atom %, the content in the 2-14-plane 1 of 
germanium which is a nonmagnetic atom will increase, saturation magnetic flux 
density will fall, and the fall of a maximum energy product will be caused on the 
contrary. Therefore, the addition of germanium is within the limits, is set 
[ above-mentioned ] up, and is made into 0.3 to 1.0 atom % desirably [ it is desirable 
and ] to 0.2 to 1.5 atom %, and a pan. Here, it is possible that crystal grain of a 
2-14-plane 1 produced at the time of the rapid solidification of a molten metal is further 
made detailed by germanium addition as a cause by which the maximum energy 
product of a quenching thin band goes up, for example etc. 

[0008] germanium contained on the above-mentioned quenching thin band can permute 
the part by one sort or two sorts or more of alloy contents M chosen from from among Zr, 
aluminum, Si, Ti, V, Ga, Nb, Mo, Hf, Ta, and W. When the sum total content (rate of an 
atomic ratio) of germanium and an alloy content M is set to 1, the amount of 
permutations is set up so that the ratio w of germanium content to the sum total 
content may become less than [ 0.05 or more ] one. That is, it is referred to as 
0.05<=w<l when the empirical formula of a quenching thin band is set to 
RxFel00 x-y-z-vBy(GewMl-w) v. In addition, the content (atomic %) of germanium and 
an alloy content M is expressed with wxv and (l-w) xv, respectively. 
[0009] When germanium is above-mentioned within the limits and is permuted by the 
alloy content M, the quenching thin band almost equivalent to the case of germanium 
independent addition which is, carries out and has a maximum energy product beyond 
it can be obtained. However, if the ratio w of germanium content becomes less than 0.05, 
since sufficient maximum energy product will no longer be obtained, w is made or more 
into 0.05. In addition, it is desirably good 0.1 to 0.5, and to set up the ratio w of 
germanium content within the limits of 0.1 0.3 still more desirably. Moreover, the 
effectiveness of the improvement in an energy product of the thin band by coaddition 
with alloying elements M and germanium can be especially acquired notably, when 
alloying elements M are Zr, Nb, and Mo. 



[0010] Moreover, Co can permute a part of Fe component of the above-mentioned 
quenching thin band by within the limits below 30 atom %. That is, it can be referred to 
as 0< z<=30 when the empirical formula of a quenching thin band is set to 
RxFelOOx-y-zvCozByGev or RxFelOOx-y-z-vCozBy(GewMlw) v. Co is mainly 
incorporated by the 2-14-plane 1, by making Co contain, while the Curie temperature of 
a 2-14-plane 1 rises, the temperature coefficient of a residual magnetic flux density is 
improved, and is above-mentioned presentation within the limits, and can obtain the 
quenching thin band for bond magnets with which stability and outstanding magnetic 
properties are secured also in a hot operating environment like the motor for 
automobiles. Moreover, the chemical stability of a quenching thin band improves by 
addition of Co, and it is controlled that the bond magnet which used the thin band also 
under the environment of heat and high humidity is corroded, or magnetic properties 
fall. However, since the saturation magnetic flux density of a 2-14-plane 1 will fall and it 
will lead to the fall of a maximum energy product if the content exceeds 30 atom %, it is 
not desirable. In addition, the content of Co is desirably good 2.5 to 20 atom %, and to 
set up within the limits of 5 - 10 atom % still more desirably. 

[0011] Next, although it is components other than the above, the rare earth component 
R is a main constituent of the 2-14-plane 1 which bears the magnetic properties which 
were excellent in the quenching thin band, Nd is made into a subject, and a total 
content is set as the range of 9 - 15 atom % (namely, 9<=x<=15). If the content of the 
rare earth component R becomes under 9 atom %, the ratio of the alpha Fe phase which 
is a soft magnetism phase will increase, and the fall of coercive force will be caused. On 
the other hand, if 15 atom % is exceeded, the ratio of the nonmagnetic phase which 
makes a rare earth component a subject will increase, and the fall of saturation 
magnetic flux density will be caused. Since each of these leads to the fall of a maximum 
energy product, the content of the rare earth component R is made into the thing of the 
above-mentioned range, and is desirably good ten to 13 atom %, and to set up within the 
limits of 11 - 12 atom % still more desirably. 

[0012] Moreover, a part of rare earth component R which makes Nd a subject can be 
permuted by Dy or Pr. By adding Dy, the anisotropy field of the uniaxial magnetic 
anisotropy of a 2-14-plane 1 is raised, and the coercive force of a quenching thin band 
can be raised sharply. Thereby, since a fallen part of the coercive force in an elevated 
temperature is compensated when a magnet is used in the environment where 
temperature, such as a hard disk drive of a computer and a motor for automobiles, tends 
to rise, the quenching thin band which is equal to use in a severe temperature 
environment can be obtained. The addition can be suitably chosen within the limits of 



0.1 - pentatomic %. However, since Dy is expensive and it causes a raw material cost 
rise of a magnet, it is not desirable, except that the saturation magnetic flux density of a 
2-14-plane 1 will fall and the fall of a maximum energy product will be caused, if an 
addition exceeds pentatomic %. In addition, although Tb is still more expensive than Dy, 
it has effectiveness almost equivalent to Dy, and even if contained by becoming [ a sum 
total content with Above Dy / 0.1 * pentatomic % ] within the limits, it does not interfere. 
[0013] On the other hand, since Pr does not change the value of the saturation magnetic 
flux density and an anisotropy field so much when Nd in a 2-14-plane 1 is permuted, it 
is also possible to permute the whole quantity by Pr depending on the considerable 
amount of Nd component of a quenching thin band and the case, but the separation rare 
earth of Pr is more expensive than that of Nd, and superfluous combination in the form 
of the separation rare earth is not desirable in order to cause the rise of raw material 
cost. However, since raw material cost can be reduced if the separation extract of the Pr 
is carried out with Nd in the separation purification process of a rare earth raw material, 
and these are blended in the form of didym (for example, didym metal), since the didym 
which is the non-dissociating rare earth of Nd and Pr is cheaper than the separation 
rare earth of Nd and Pr, it is convenient. In this case, the content of Pr in the quenching 
thin band finally obtained will become settled with Pr content ratio in the didym used. 
[0014] In addition, although it is desirable not to contribute to the rise of an energy 
product, or not to reduce this conversely, and not to contain as much as possible as for 
each rare earth elements except having described above, even if what the total amount 
mixes unescapable by within the limits below 1 atom %, for example contains, it does 
not interfere. 

[0015] Next, B is the indispensable constituent of a 2-14-plane 1 like the rare earth 
component R, and the content is set up within the limits of 4 - 10 atom % (namely, 
4<=y<=10), If the Nd2Fel7 type phase of soft magnetism will generate, the fall of 
coercive force will be caused, if the content of B becomes under 4 atom %, and a content 
exceeds 10 atom %, a nonmagnetic NdFe4 B4 type phase will generate and saturation 
magnetic flux density will fall. Since it is connected with reducing a maximum energy 
product in any case, let B content be the thing of the above-mentioned range. The 
content of B is desirably good four to 8 atom %, and to set up within the limits of 5 - 7 
atom % still more desirably. 

[0016] Fe is contained as the remainders other than the above-mentioned component, 
and bears the principal part of the big saturation magnetization as an indispensable 
constituent of a 2- 14-plane 1 . 

[0017] The quenching thin band for bond magnets described above can be ground so 



that the mean particle diameter may be set to 500 micrometers or less, and it can be 
used as the powder for bond magnets. And it can consider as a bond magnet by 
combining the powder with resin, such as an epoxy resin, phenol resin, and Nylon. Here, 
since distribution of the magnet [ be / it / 500 micrometers or more ] powder in a bond 
magnet and resin becomes uneven and the mean particle diameter of the 
above-mentioned bond magnet powder becomes the cause which produces dispersion in 
surface magnetic-flux distribution of a bond magnet, let mean particle diameter be the 
following [ the above ]. On the other hand, since the flow nature of magnet powder will 
fall, the smooth restoration to the shaping metal mold will become difficult and the fall 
of productivity will be caused when manufacturing a bond magnet, for example with 
compression molding if mean particle diameter becomes fine too much, it is set up more 
than predetermined mean particle diameter. In addition, the mean particle diameter of 
magnet powder is desirably good to set [ 50-400-micrometer ] up within the limits of 
100-300 micrometers still more desirably. 

[0018] Hereafter, the manufacture approach of the quenching thin band for bond 
magnets of this invention, the powder for bond magnets using it, and a bond magnet is 
explained. 

[0019] First, the alloy content of the specified quantity is blended and then the alloy 
content is dissolved in predetermined ambient atmospheres, such as an inert gas 
ambient atmosphere or a vacuum ambient atmosphere. The alloy content blended may 
blend each component independently, or may blend it in the form of hardeners, such as 
a Nd-Fe alloy and ferroboron, or any are sufficient as it. Moreover, the dissolution can 
use the well-known dissolutions approach, such as for example, the RF induction 
dissolution and the arc dissolution. 

[0020] Next, the quenching thin band of the shape of thin band-like one thru/or a flake 
is manufactured by carrying out the rapid solidification of the molten metal. Inert gas 
ambient atmospheres, such as an argon, are used, and the ambient atmosphere of 
quenching begins the single rolling method as the approach of quenching, and can apply 
various approaches, such as the congruence rolling method, the Sprat quenching 
method, a centrifugal quenching method, and the gas atomizing method. It is easy, and 
the cooling effectiveness of a molten metal is high, and it is [ among these / especially 
the single rolling method has homogeneous adjustment of the cooling rate by roll 
peripheral speed and ] suitable for it for mass-producing the quenching thin band of 
high performance. In this case, it is desirable to make roll peripheral speed desirable in 
10-30m/second a second 5- 35m /, when obtaining the quenching thin band which has 
detailed and uniform crystal grain and was excellent in magnetic properties. 



[0021] By the well-known grinding approach of using a stamp mill, a feather mill, a disc 
mill, etc., the obtained quenching thin band is ground so that it may become the 
above-mentioned mean particle diameter, and let it be the powder for bond magnets. In 
addition, when the thin band to grind is little, you may grind using a mortar etc. 
[0022] Here, the grinding front stirrup can heat-treat after grinding the quenching thin 
band obtained by said rapid solidification in a 400-1000-degree C temperature 
requirement. The thin band immediately after quenching may produce the amorphous 
section for near the contact section for example, with a water-cooled roll etc. into the 
part to which a cooling rate becomes large especially. This amorphous section is soft 
magnetism and becomes the cause which causes coercive force, the square shape nature 
of a demagnetization curve, the fall of an energy product, etc. Then, by performing the 
above-mentioned heat treatment to a quenching thin band, the above-mentioned 
amorphous section produced immediately after quenching can be crystallized, and the 
fall of an energy product etc. can be prevented. Here, when heat treatment temperature 
is lower than 400 degrees C, crystallization of the above-mentioned amorphous section 
does not progress enough, and above-mentioned effectiveness is not acquired enough. 
On the other hand, if heat treatment temperature exceeds 1000 degrees C, crystal grain 
will grow and make it big and rough, and coercive force thru/or an energy product will 
fall on the contrary. Therefore, heat treatment temperature is set up within the limits of 
above-mentioned, and is desirably set up within the limits of 600-700 degrees C still 
more desirably 500 800 degrees C. 

[0023] The powder for bond magnets obtained by the above approach is mixed with a 
resinous principle, and a bond magnet is manufactured pressing or by carrying out 
injection molding, the case where it is based on pressing - the above-mentioned magnet 
powder - the thermosetting resin of the shape of powder, such as epoxy resin phenol 
resin, -- the specified quantity — for example, it mixes about 1 to 5% of the weight, and 
this is pressed with about two 5 - 10 t/cm welding pressure with die-press shaping etc. 
By heating the acquired Plastic solid after shaping to predetermined about temperature, 
for example, 80-180 degrees C, resin is stiffened and a bond magnet is obtained. In 
addition, heating for resin hardening may be performed during the above-mentioned 
pressing. According to this approach, the consistency of the magnet powder in the bond 
magnet obtained can be made high, and it is suitable for manufacturing the high 
performance ring magnet for small motors etc. 

[0024] the case where it is based on injection molding on the other hand - first - 
thermoplastics, such as Nylon, - magnet powder - receiving - a little more amounts 
than the case of compression molding - for example, it adds about 2 to 10% of the 



weight, this is kneaded, and the compound for shaping is produced. And the bond 
magnet of a desired configuration is obtained by carrying out heating softening of this 
compound, and carrying out injection molding of this using a predetermined making 
machine. Although it is based on compression molding since the bond magnet obtained 
by this approach has a little low magnet powder consistency, there is an advantage 
which can manufacture the magnet of a various and complicated configuration easily, 
and attached components, such as a motor spindle, can also really be fabricated with 
the above-mentioned compound. 

[0025] In addition, various surface treatment, such as electropainting, dip coating, 

spray painting, and nickel plating, can be performed to the bond magnet obtained by the 

above approach. 

[0026] 

[Example] 

(Example l) The ingot which has the various presentations shown in Table 1 was 
produced by the arc dissolution, the RF induction dissolution of this ingot was carried 
out in the quartz crucible which has a nozzle in a point in an argon ambient atmosphere, 
predetermined argon gas pressure was impressed to this, and the quenching thin band 
was obtained by injecting a molten metal on the copper roll (single roll) which gave 
chrome plating from the above-mentioned nozzle. In addition, peripheral speed of a roll 
was carried out in 20m/second. Next, the thin band was ground so that particle 
diameter might be set to 300 micrometers or less with a mortar, further, in the argon 
ambient atmosphere, it heat-treated in the 600-800-degree C temperature requirement, 
and the bond magnet powder of each presentation was obtained. Mixed non-hardened 
epoxy resin powder, and heated after compression molding and a Plastic solid to these 
magnet powder by the pressure of 9 t/cm2, it was made to harden resin, and the bond 
magnet was obtained. The magnetization curve of the obtained bond magnet was 
measured at the room temperature with the B : H marker, and it asked for the maximum 
energy product (CBH) max). A result is shown in Table 1. 
[0027] 
[Table l] 



NO. 




(BH)max[MGOe] 


1 


Nd 12 Fe 81 B 65 Ge 02 


10.5 


2 


Nd l2 Fe 81 B 65 Ge 0 . 5 


10-7 


3 


Nd l2 Fe ai B 65 Ge 15 


10.6 


4 


Nd t2 Fe ai B 6 . 5 Ge 3 .o 


9.5 


5 


Nd 1 z Fe 81 B 6J Zr 0 45 Ge 005 


11.5 


6 


Nd 12 Fe 81 B 6i5 Zr O4 Ge 0il 


11.3 


7 ' 


Nd 12 Fe 81 B 65 Zr O25 Ge 025 


11.0 


8* 


Nd 12 Fe 31 B 6 .sZr 0 .5 


9.3 


9* 


Nd l2 Fe 82 B 6 


7.6 



[0028] Each bond magnet (No. 1-4) which added germanium is understood that a 
maximum energy product is large compared with what is not added (No. 8, 9, the 
example of a comparison). Moreover, (sample numbers 5-7) and a maximum energy 
product improved further by permuting some germanium by Zr. 

[0029] (Example 2) The ingot which has the various presentations shown in Table 2 was 
created, the bond magnet was produced by the same approach as an example 1, and the 
maximum energy product was measured. A result is shown in Table 2. The bond magnet 
(No. 10- 19) which carried out compound addition of the various alloy contents of 
aluminum, Si, Ti, V, Ga, Nb, Mo, Hf, Ta, and W with germanium is understood that a 
maximum energy product is high compared with what added the above-mentioned alloy 



content independently (No.20-29, example of a comparison). 

[0030] 

[Table 2] 



NO. 




(BH)max[MGOeJ 


10 


N^jFenB^sAl^sGeons 


11.1 


11 


NdnFenBjjSiMsGeoos 


10.6 


12 


Nd^FewB^TWSeoos 


10.9 


13 


NdjjFegjBjjVMjGeoxa 


10.5 


14 


Nd, J Fe B) B SJ( Ga )US Ge 0 . 05 


11.2 


15 


NdaFejjBsjNbjusGeaos 


11.3 


16 


NdtiFeg^^sMOftwGe^ 


11.3 


17 


Nd^Fea^tjHfo^Geojos 


10.9 


18 


Nd^Feg^^Tao^Geaoj 


11.4 


19 


NdttFettB^Wo^Geaos 


11.2 


20* 


Nd 1J Fe 8 ,B < jAl 4S 


8.4 


21* 


NduFenB^ioi 


8.3 


22* 


Nd^e^Ti^ 


8.6 


23* 


Nd^FegjB^Vo^ 


8.0 


24* 


Nd 12 Fe 8) B fi>s Ga as 


7.9 


25* 


NdwFenBjijiNbas 


8.5 


26* 


NduFenB^Moas 


7.9 


27* 


Nd^BJH^j 


8.1 


28* 


NTd^FenB^Taoj 


8.2 


29* 


Nd^FemB^W^ 


8.1 



[0031] (Example 3) The ingot which has the various presentations shown in Table 3 was 
created, the bond magnet was produced by the same approach as an example 1, and the 
maximum energy product was measured. A result is shown in Table 3. For Co ten 
atoms % and germanium 0.5 atom % content The bond magnet to carry out (No.30), 
About this bond magnet, and the bond magnet (No.314l) which carried out compound 
addition of the various alloy contents of Zr, aluminum, Si, Ti, V, Ga, Nb, Mo, Hf, Ta, and 
W with germanium Compared with the thing (No. 53, example of a comparison) 
containing neither the thing (No. 42- 52, example of a comparison) which added only the 



above-mentioned alloy content, without adding germanium nor the above-mentioned 
alloy content nor germanium, it turns out that a maximum energy product is high. 
[0032] 
[Table 3] 



NO. 




(BH)max[MOOc] 


30 


Nd^FenCo^Geo, 


11.3 


31 


NduFenCo^j&^Geaos 


12.0 


32 


Nd l2 Fe 71 Co 10 B (ls Al a «Ge a05 


11.5 


33 


NdnFe^CojoB^io^Geaos 


11.4 


34 


Nd 12 Fe 7) Co 10 B 6J 'R a4S Ge a os 


11.6 


35 


Nd 12 Fe n Co 10 B & 5V a4 5Ge a(B 


11.2 


36 


Nd 12 Fe 71 Co 10 B«Gaa«Geo.os 


11.4 


37 ; 


Nd li Fe 71 Co to B <l5 Nb a4 5Geao5 


11.9 


38 




11.8 




rsia 12 re 71 iwajo06,5riio.i5^ >e ox>5 


11 e 


40 




11.2 


41 


Nd 12 Fe 71 Co 10 B fikS Wo«Ge aQ 5 


11.3 


42* 


Nd.^Co^^Zras 


9.4 


43* 


Nd^FenCo^^Alas 


9.3 


44* 


Nd.jFenCOj.B^Sio., 


93 


45* 


NduF^CojoB^Tioj 


9.2 


46* 


Nc^jFe^Co^Vas 


9.0 


47 » 


NduFe^Co^oB^Gaw 


8.8 


48* 


Nd 12 Fe„Co, 0 B 4lS Nb a s 


9.1 


49* 


NduFe^CojoBj^Moas 


93 


50* 


NdnFenCCoB^Hf,,* 


9.0 


51* 


NduFeyjCCoBuTaas 


9.4 


52* 


NdjjFenCo^^Was 


8.7 


53* 


Nd l2 Fe 72 Co 10 B 6 


83 



[Translation done.] 
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O-WDy^V^LP r<T>'Pte< t h~ ^Ciotfft 
3^5#&#*>5*±»*#-e*!K 9^x^15, 4 
gylO« 0. I^vg3, t£*v£>. G e CD^JPICJ: 

fc^Lfc^fcOfctt^T G e fi, 
g6SrZ r. At, Si. Ti, V, Ga, Nb, Mo. 
Hf, Ti, W©5fca»fe»«S*t* l«Xtt2«sl± 
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1 

R X F e ioo-x-y-v B y Ge v : 

P r b t>— *tcJ:oTfi^$ti/5*i^* 5 fc5^. 

±«J&#T*fc!), 91x^15, 4SyglO, 0. 1 
^v^3, 

T?fc5:iiS: t "f -5 ^ Kfl£5ffl 
[ffsftJS2] m£»tf>-3-&/&&£^tf&»£&i£UT 

R X F e lOO-x-y-v B y (Ge w Mi-o,) v : 
fcfcU RttNdSr3=f&9-£ U ^rO-gS^D y fcv* U 
P r <D'pt£< t i>— J;oT@^$ix5^a'* s S>5^r 
±$Sj&#-?£> t) , *»oMli, Zr, A 1 , Si, Ti, 
V, Ga, Nb, Mo, Hf, Ta, W©5*>*»bS^ 

ySlO, 0. 05gw<l, 0. l^v^3, 

RxF e 100-x-y-vC o z B y G e v : 

fcfc'U RliNd£±J&#£ U ^rO-gBiSDy/i^L 

P r (D'PtZ < t t-*|;io-Ci^$^5<l^!5 5 fc5* 

±*gj*#T**> 9« 9^x^15. 4^y^l0, 0<z 

g3 0, 0. 1 S v£3, 

-Cfc 5 d t 4: #v KWSffl AJMMS. 

R x F e 100-x-y-z-v c °zB y (G e,Mi-,) v : 
fcfc'U RfiNd££j£#4: U -t<0-gCiSD y fct" U 
P r<n>pt£< bi>-jjiz.£'zxm&ZtiZ>Wr&&*>Z>%i 
±mfi.ft-?&> 9 , ^oMIi, Zr, Al.'SI. Ti, 
V, Ga, Nb, Mo, Hi, Ta, W<£> 5 ^biltf? 

ySlO, 0<zg30, 0. 05^w<l, 0. 
3, 

[ft** 5] H*«l t£\,^^A<D^irin,Mz.%H!$L<Drt 



insist, 

fee 

K**ffiJWMMJ«r. -tW^tfc^SAS 5 0 0 n mfilT 
l;4 0 0~i 0 0 0twtaS^H»-*5i/ N T^tea$tt5 

[h*jsio] ft #jss;^ 9 fas^*^ 

Sfc. 
[000 1] 

[jS|i£±©;p]ffl#i?] #3§9!»i, Nd, Fe-&tfBSr£ 
K*5fliWMMK *^K«W«»*, 

[0002] 

Nd-Fe-B|l5Wtt, 
T<^5. ^CONd-F e-B^8£5*mfi, ^©fiife^ 
fe«?»c i •? $-frT# Jx5^^Sr«95*= LT 

/,cei«tt*at?fc5N d 2 F e 14 BMiE^s^JRP^k:-a-fe 

ffi (jy.T 2 - 1 4 - 1 »i v> 5 ) * s WKEti T-HliAT i 
[0 0 0 3] 

mmi>m#:L£?k-rz>wm) ±ibn d — f e — b ^ 

72-14-1 (iE*S<0 



#§8¥8-45719 



ftgu^vMc:i^-Ct*fcHJ3SJI28£S-e6MGO 
e, JEi^^a^-Cl OMGOeeSd s EI^^*>oyto 
I 0 0 0 4 1 &&W<DmM\i. Nd-Fe-B^VK 

[0 0 0 5] 

mm zMfc-t s «> tc . w © * v KBfcEja j§l#»» 

©¥*9)&iIH&£tf s l ^ m£JlTt?fe t> , ^rOffifig;^, R 
xF e xoo-x-y-vByG e v : fcfcU RI4N d b 
U -t<0— gB^D yft^LP r <D'pt£< b t>— ^ld«to 

5, 4^ygl0, 0. lgvS3, CI t £##t 

[0 0 0 6] JblE;§tfH^i?f4, «f»*»foO*ft»wJ:9» 

R 2 F e 14 BSiE*-^«F^I:^ffi (E*T2 — 14- 
1*9^5) *S¥*S*ft&l »m&.-T<om&&&tktt£^ 

<Db£tl, SiL<(±0. 5/iinJWT, $e>KS:£L< 

[000 7] *^^(0^^<0#m»±s Ge^ F e 
<T>— gBSragli--5^t?0. l~3J®^-%C0©Hrt-C^JP 

0. I^vg3) , :*3§W#fef4, ilBGeO^PfCi 

t©t?&5. Ge<DW>fia&&±&<Oh<Db£tlZ>m&te 
TfSWii^-Cfc-S. *-f, 8fc&qfta s 0. UgT-%*$§-? 

< /i3„ *ao*# 3 at, m&&m 

fffc5Ge«2-l 4- lffi^O^WS^li^L. & 

£r*B<„ SEot, GeWi^APfl:l4±fB®Hrt-e^^$ 
*V, a*L<»40. 2~1. 51^%, $?>»ca*L< 
J40. 3~1. Offil-o/obZtlZo ww-C, 

m<om.&mm&r\z£.-rz 2-14-1 &<oi&&i&.&g e 

maiz^r,^ 2t,lz&mitZiiZZbQ&^z.bti5. 

[0 0 0 8] ±EJ&#&fi?K^*T£*t*Gef4, *©- 
SBSrZ r , A 1 , Si, Ti, V, Ga , Nb, Mo, 



4 

Hf, Ta, WyhfrbmiRZfrZ l«Xte2«6U: 

G e b&&fo$tMb<0'&fr£m& (^lk*) SrltL 
^<0-e-H-^*S»-*ti-5Ge-&«-ftWit^w 

0. 0 5£U:l*?3&i&2>J:5U:K:j£$ft5. 
*>*>, &J£##©i&j5fci£«rRxF eioo-x-y-z-vBy (G 
e w Mi-w) v i: L 0. 05gw<lt$ix 

-ttveh-w x vM (1— w) xv-e$SH5, 
[0009] G e >65-g-^3>M^<}: 9 ±fE©ffll*i-eg& 

^n-sr t»-<t!9, g e wkwfia<o&&b&&mi$K^ 

Zb&X-$Z> 0 fc£U Ge-^WSOlt^w^o. 0 5 

b ft 5 b , asSMe****/^-!**** feivfc < 
5©-?, w»40. 0 5J£t±i:$H5o Ge^ti 
©Jfc^wti, S$L<f40. 1~0. 5, $6>{ca^L 
<fio. i~o. swa&Hrt-eKJfc-t-*©***^. * 
fc, aS*P5c^Mt Ge t<0*^PtO:5*«co^/^ 
-«fi±©$bjg:tt, mtoyimM&Z r, Nb, MoWf 

[0 0 10] ±IS^»^WF e^«-a5«r, 

3 0J©^-%WTW«5fflrt-CCo^J;!?S^-t-5r i:*5-C? 
^5. irt£t> : h. ^^©»^SrR x F e 
100-x-y-z-vC o z B y G e vfeS^^ttRxF e 100-x-y-z-v 
CojBy (Ge w Mi-w) v b Lfc^g-f", 0<zS3 0 
tt5r i:i5-c§r5 0 Col4±lw2-l 4-lffit-©!? 

•3, 2-1 4-lffl<0^- 3 .y-ta*^±^5i: bhK 

CocO^P»CJ;!9^L^fifO^^^ 
v K8S^*s«A ^ Hfc 9 a^tt* s ®T IstzV-TZZb 

tsist 2-14-1 ft<Dm*amj&&m&i&T u, a 

Jo, CoC^fiti, a$L<f42. 5~201S^%. 

L< I4 5~l 0^%©«SHrt-C^-t-5W 

[ooi i] ±iEW^<o^-efc2>*s, %i±mf&. 

9~i 5^%wffiH^Si;S$ix2. <i-fc*>*>9£ 
x^i 5) o *±!W»R©§ttiJ ! 9^%*ai:<i: 

^?<0<STSria<c 1 5 b$:±mf8. 

ft&£frbi-z#m&m<»itm&m*L. $&*omj&&& 



¥8-45719 



5 

[0 0 12] Nd£±#t-t-53Sr±Sj&#Rtf>- 
•t 5 ^ t IC «t 9 , 2-14-1 *8 O— MttftA^rttO A 
*3C: ir*s-C#5o Hilt**), WjUfa^fcTa.-*© 

tt, fl*.tfo. i ~ 5 %o©irt tasi^-e§ 

5„ fc«u mam&sm+yo&i&z-ib 2- 1 4- 1 

Dyttil5'(ffi'Cfc5ft*8l^<O0Jis|-3^. 
«:«<©"?#* L<4v\, ft*, TM*Dy<fc9t>$b 

±1BD y & ©-g-tt-Sfr*** 0 . l~5m*%tteZ<Df& 

[0 0 13]—*, P r 142-1 4- ltg^WNdSrB 

#£-|-<fcoTf±-£©:£*£:P r -Ctt^i-S r i: t> "I 
tgt?&5#, P r ©#$l#±teNd©**lJ;9 t>Kffi-C 
fe*>, -?:©^St#±©^-C©iiPJftia-&(i, flGftaxt 
<0_h#£S< L<ft</\, Uft>Ufctfg>, Prli 

#±«^©*Hi*IMieK:*sv*-CN d 1 i: >K#fftt 
IBSji, Nd fc.P r C*»H»±tJbSi?yAHtN dft 
tfP r©*HK*±J:t> t>2MB-<?ib*©-e, . £*t&*S*S? 
A (0iJx.fiv?^A^^7V) ©^-Cge-g-f-ixrfISilEl-3^ h 

H5^^Atp©P rWWKiJStSiiiftS. 

[0 0 14] ft*S, -LfELfcUAfl-©#±«7E§&»±, 
ft fc i^/udf-a©±#t-^ Uft v ^itagfc r. *t£{6T 
*>©-?*> 9, t?#57^lt-&W^tvftv^i:*5S4 

Lvv*, «*.f*t©»*# 1 M^%WT©«5iartt?7F^I 

[00 15] ftt, B»4, #±®J5fc#R t l^tSK 2 - 1 
4 - 1 «©#8WMfcl*#-<?*> 9 . *©•&**»* 4-10 
®^-%©«5Hrt (t4t>*)4^y^l0) TRSSJi 
5. B ©**"«# 4 45 fc. ftBttONd 

1 0JR^-%*ttjtSi*«tt©NdF e 4 B 4 £!«iOS£j* 
LT&frSHtttttdMBTi-S. i"-f*t©©^t>, 

®^(ST$-er5rtfcoft*J5©-C, B-^Wfi 
tt±IS©ffl©t>©i:$ix5o B©£*ftfi. S*U<tt 

•CK3t-t-5©*«J:^. 



5 

[0016] F e 14, iOa^SWI-©** £ UT-^^r$ 

*i, 2-14-1 &a>&§maolti»t lt; -t©*#ft 
[0017] aisK^fc^vKasHfflftjfrWflftt. -e© 

¥tttt?- 5 0 0 (i m£TF& &S 4 5 K«&5fcLT#v 

ts. ±IB#>-Ke$^*&*©^tS^*5 5 0 

tflSfJIi©^* 5 ^- 1 ft ij , jjfy KB££©*Effitf€# 
*©f4ibo#Sr£-f SiKHirftS©-?, ¥*S)*&^gf4± 
ISUAT©t>©i:$*v5. ?J$tt?S*Mfld>< &0 

m*i®3i<offii%mmT u -t©^^s^©^ 

A - Xft ?E**5Bli»w ft 0 £jgtt©(£T Sr 51 # £ r. ir © 

jfcaTJMtfPSHU M*L<f450~400Mm, $6 
L< »4l 0 0~3 0 0 ^m©©Hrt-e^3tT5© 

[0 0 18] «T, #3893©* V KBWfflAJMI * 
[0019] Si\ 0f3ta©-&^^*E-& L, ftJCTF 

[0 0 2 0] 2fe»w, -€-©*&&$rfe?IHgB£*3£i:fc£ 

-/v^Ji«cj:5^)iaf©PiSE* s s^-c> 

©&?fr&fifS:**£g-r5©K$fjg-?fc5. r©^, 
40 d— /WJl^Sr5~3 5m/8>, L< ttl 0~3 0m 
/#t-f-5ri^, ®jNB^i$-ft*g,B.)&£*rU 

[0021] ftbtift&ftmfti*. ^9-yf%^. ?=■ 
1f-5/K f4*9 S/V«$«rffl^54^©»1te*i!fcfcJ: 
!7, MiSw^iK^StftSi^^^*^ #>-K« 
^fflt&5fet $*T,S. ft*s, l»^i-5»«^>fi©©^ 

[0 0 2 2] ww-C, StrfB^@@IC«tt)#t>^5^ 
^»»4, -t©»55iMXttt&»«»C4 0 0-1 00 01C© 



t#§3 ¥8-457 19 



(5) 



if*. -*v ffc&Sifi&tf* 1 0 0 CCSrie^Si:, ^Sfe 
£*k U<tt5 0 0-8 0 0*0, £e>icS*L<H 

600~7o oXttD&mftxWtfeZftZo 

[0 0 2 3] SliO^ifeKJlOWfeixS^VKBEHfflft 

»5tBRO«Wfl:tt«ttB«:Bf3t*» 1 ~ 5 **%m 

#?>*tfcj«»flcSr35fJ©BA.- tt*.f£8 0~1 SO'CSS 
5o 448, «MMMfc©fcX>©aiJRri, ±!ElgflEj38l*«f 

[0024] itm*»fcj:a»*'i±» £1\ -*--r. 

©©^■J:t)-^»#v>fl:, 2~l 0fi*%SSaS*P 



©jK^KBS^Sr^-StiW-Cfe?.. r. O^fefc: J: •? ft hfr 

[0 0 2 5] 4*3, W±<O^Jd«tt}^biX7t7K^Km 

[0 0 2 6] 
IHJSM] 

(Xttffl 1 ) * 1 fc* Lfc*«BjSSr*r*-r V'rfy h 

/w c^n-/u) Katun-* t \cx k> ^n^ntc 0 

» &*5, n-/KOJlj£fi2 0m/S»t Lfc„ fcfc, JVfffr- 
J: •) |t¥Stf 3 0 0 ix m^T t ft 5 <t 5 Kl«H* ■ 
U S5>l!lTA'=* , V#H««f>-e, 6 0 0~8 0 O'Ccota 

508ftS»*B-H h u-tKiOM-eJDtU * 
^a^/l^r-flf ( (BH) max) Srlfc&fco 
lfcjM% 
o [00 2 7] 
[*1] 



NO. 




(BH)max[MGOe] 


1 




10.5 


2 


Nd n Fe, n B M Ge a , 


10.7 


3 


Nd 12 Fe, 1 B 6 /3e 1J 


10.6 


4 


Nd„Fe„B 6lS Ge3 J 


9.5 


5 


Nd„Fe B1 B M Zr a45 Ge aas 


11.5 


6 


NdnFegjE^Zr^Gea, 


11.3 


7 


Nd,jFe ei B 6J Zr 0lJJ Ge a j5 


11.0 


8» 


Nd, t Fe 81 B 4S Zr 03 


9.3 


9» 


Nd, 2 Fe M B 6 


7.6 



[0 0 2 8] Ge SrSsADLfctf^KefcE (No. 1~ 
4) ttV^fHfc, «fflll&>*t>® (No. 8, 9, JfcfS 



#5~7) . **3i*^-«tt*feKl*l±Lfc. 

[00 29] (xikm 2 ) * 2 Ltz&nm&&m-r 



t#M¥8-4S719 



(6) 

9 10 
i^*5r*2JC^1-. Al, Si, Ti, V. Ga, N *)t8M) |C&^T**^*A'=¥-«;W^ k&frfr 

b> Mo, Hf, Ta, WWtlM^SrGettt) 5. 
^■SmU^tctf^VrnX (No. 10-19) tt. ± [0 0 3 0] 

%&-&&f8Lft*m&-?%itol.ith<0 (No. 20~29, * 



NO. 


•&&*Ufc (ISHF-H#sp) 


(BH)max(MGOe) 


10 


Nd^enB^sAla^Geaos 


11.1 


11 


NduFenB^SiwsGews 


10.6 


; 12 




10.9 


13 


NduFenBuVatsGeaLU 


10.5 


14 


Nd^FegjBfijGao^sGeoiB 


11.2 


15 


Nd n Fe 8 iB &5 NTbo.4sGeass 


11.3 


16 


Nd^Fe^Bs.sMOocGeaoj 


113 


17 


Nd„Fe ei B 4Ji Hf 1UB Ge 0 . M 


10.9 


18 


NduFeMB^Tao^eco, 


11.4 


19 


Nd„Fe, 1 B t . J W (US Gefc 0S 


11.2 


20* 


NdjjFegjBjjAlos 


8.4 


21* 


Nd„Fe 81 B Sj Slo5 


83 


22* 


Nd )2 Fe M B M Tias 


8.6 


23* 


NduFegtB^Vos 


8.0 


24* 


Nd ll Fe M B s . s Ga <) . s 


7.9 


25* 


NdwFeg^^jNbas 


83 


26* 


Nd 12 Fe 81 B„Mo as 


7.9 


27* 


Nd^BgJHto^ 


8.1 


28* 


Nd 1I Fe 8 ,B fcS Ta 0 . s 


8.2 


29* 


NduFcB^Wos 


8.1 



[00 3 1] (HtSCT 3 ) S 3 Lfc#»S^Sr*-r 

3 JC^-T. C o 1 0 flt?-%& Wl: G e £ 
0. SJS^-^W-fStfvKBfcH (No. 3 0) , RXf 
:©!t?y KflfcEteoi^T, Zr, Al, Si, Ti, «o 
V, Ga, Nb, Mo, Hf, Ta, W 



•SrGe £it>K$-&as2lPLfc#VKfi£5 (No. 31~ 

41) «, g e *Widia-£-r\z±.m&&)$ l ft<o&*mMi. 

fth<D (No. 4 2~5 2, it&M) , Xtf±fa-£&j£ 
5J'SU 5 Ge(OV , '-ftvt)-g-WL^t''t© (No. 5 3, it 

[00 3 2] 
[S3] 



(7) 

11 12 



NO. 




(BH)max[MGOe] 


30 


Nd^FenCojoB^Gea, 


11.3 


31 




12.0 


32 


NdjjFe^Co^isAlauGeajs 


11.5 


33 


Nd^FeyjCOjoP^i^jGeao, 


11.4 


34 


NdtjFe^Co^jjTio^GejuB 


11.6 


35 


NdHFe^CotoB^jVa^GeaB 


11.2 


36 


NduFcCojoB^GaatsGeftos 


11.4 


37 


NdnFenCojoB^sNb^Geftoj 


11.9 


38 


Nd 12 Fe 71 Co to B tJ> Mo (MS Geo« 


11.8 


39 


NdjjFeT.CowBwH^^eao, 


11.5 


40 


NdjjFenCojoB^Tao^Geaos 


11.2 


41 


Nd^^COjeB^Wo^Geaa, 


11.3 


42* 


NduF^Co^^Zras 


9.4 


43* 


Nd u Fe 7 ,Co 10 B 6l sAl <lLS 


9.3 


A A* 






45* 




9.2 


46* 


Nd^FenCOioB^Voj 


9.0 


47* 


NduFe^COjoB^Gaas 


8.8 


48* 


Nd^Fe^Co^B^sNbos 


9.1 


49* 


NduFenCojoBjjMo^ 


93 


50* 


Nd^FenCOjoB^f^ 


9.0 


51* 


Nd 12 Fe 71 Co 1 oB ts Ta as 


9.4 


52* 


Nd.jFenCcoB^Wa, 


8.7 


53* 


Nd u Fe„Co 10 B 6 


83 



(so int. ci. e /Trtiitt fi &m&*®m 

C 2 2 C 33/04 G 
38/00 3 0 3 D 

H 0 1 F 1/053 
1/08 

H 0 1 F 1/08 A 



